The DE values and digestible nutrients content of 6 diets were measured in 60-kg male growing pigs fed restricted amount of feed. Diets were prepared from 5 ingredients [wheat (Triticum aestivum), corn (Zea mays), barley (Hordeum vulgare), wheat bran, and soybean (Glycine max) meal; inclusion levels of ingredients were not correlated] with or without carbohydrose enzyme (Rovabio Excel AP; 3300 endo-β-1,4-xylanase visco units and 300 endo-1,3(4)-β-glucanase units/kg of feed; 150 g/t of feed) according to a 6 × 2 factorial arrangement; dietary NDF ranged from 10.6 to 20.1% of DM. Pigs (5 per treatment) were placed in metabolism cages that allowed total collections of feces and urine for 10 d after a 11-d adaptation. Samples of feed, urine, and feces were analyzed for GE, ash, and N. Digestibility of GE, N, and OM were calculated. The effects of diet and enzyme (Enz) were evaluated by ANOVA. In addition, the DE and digestible nutrient contents of ingredients were calculated by regression of nutritive values of diets on level of ingredient inclusions. Apparent total tract digestibility of OM, N, and GE of diets were associated with dietary NDF content (r = -0.97; P < 0.001) and were increased (P < 0.05) by Enz addition by 0.4, 1.6, and 0.5%-units (a difference between two percentage values) for OM, N, and GE digestibility, respectively. Improvement in DE value due to Enz averaged 0.09 MJ/kg DM (15.11 vs. 15.02 MJ/kg DM; P < 0.05). The ADG (891 vs. 850 g/d; P < 0.05) was also increased by Enz addition. The calculated DE content without Enz addition averaged 16.3, 16.4, 14.9, 10.5, and 17.2 MJ/ kg DM for wheat, corn, barley, wheat bran, and soybean meal, respectively. The Enz addition increased the DE value of ingredients similarly, but the best response was observed for wheat (0.33 MJ/kg DM).
INTRODUCTION
Benefi ts of adding carbohydrase enzymes (Enz) to poultry diets are well established (Bedford and Schulze, 1998) . Enzymes improve performance and nutrient digestibility when added to poultry diets containing cereals (Bedford and Schulze, 1998) . However, pig response to xylanase and β-glucanase use reported in the literature is scarce and is variable. Improved knowledge of Enz effect on raw materials use could result in development of Enz directed towards more specifi c targets. The present study aims to evaluate multi-Enz effects on digestibility of energy and protein in feeds and commonly used raw materials in pigs.
MATERIALS AND METHODS

Diets
Six diets were formulated from 5 ingredients: wheat, corn, barley, wheat bran, and soybean meal ( Table 1 ). The ingredient composition was calculated to minimize correlation coeffi cients among inclusion levels of these ingredients; none of them differed from zero (P > 0.05). All ingredients were ground through a 2.5-mm hammer mill screen. Diets were supplemented or not with the multi-Enz preparation Rovabio Excel AP (3300 endo-β-1,4-xylanase visco units and 300 endo-1,3(4)-β-glucanase units/kg of feed; 150 g/t of feed; Adisseo SAS, Antony, France) and offered as mash. The DM content of ingredients was measured prior to diet preparation to calculate the contributions of each ingredient in each diet on a DM basis.
Animals and Experimental Design
The study was conducted in accordance with the French legislation on animal experimentation and ethics. Sixty pigs [Piétrain × (Landrace × Large white); 59 ± 3 kg BW] were used in a completely randomized design in a 6 × 2 factorial arrangement of treatments (6 diets and 2 levels of Enz) in 3 groups reaching 5 pig observations per treatment. Pigs were adapted to diet and digestibility cage for 10 to 12 d before total collection of feces and urine for 10 d. Urine was collected with H 2 SO 4 to limit N evaporation. Feed quantity was increased gradually during the adaptation and was fi xed at 2.2 kg/d during collection. This feeding level corresponds to 2.3 times the ME requirement for maintenance and represents 90% of spontaneous feed intake of cage-housed pigs. Pigs received 2 equal meals (at 0830 and 1530 h) and had free access to water.
Chemical Analyses
For diet and raw material samples, standardized methods were used for measuring moisture, ash, and CP (N × 6.25; Dumas method). Gross energy content was measured using an adiabatic bomb calorimeter. Moisture, ash, CP, and GE were analyzed on freeze-dried feces and N was measured on fresh urine.
Calculations and Statistical Analyses
Digestibility values and DE content were calculated according to standard procedures. Dietary ME and NE values were calculated according to Noblet and van Milgen (2004) . Experimental data (n = 60) were subjected to ANOVA with group (n = 3), diet (n = 6), and Enz (n = 2) as main effects and the interaction between diet and Enz. Group effect was signifi cant for most of variables but it is not presented, although its effect is refl ected in presented least square means. To calculate energy values and energetic effi ciencies of raw materials, a nested, multivariate regression model was used. The procedure is conceptually similar to univariate multiple regression but also accounts for relationships that exist between dependent variables (van Milgen et al., 2001) . Enzyme effect was calculated per raw material.
RESULTS
Pigs remained healthy throughout the study. Feed spillages and refusals were recorded. The ADG during the collection was increased (P < 0.05; Table 2 ) by Enz. Differences in digestibility values among diets mostly were related to NDF content (r = -0.96; P < 0.001; data not shown). Enzyme increased (P < 0.05) digestibility of OM, N, and GE by 0.4, 1.5, and 0.5%-units (a difference between two percentage values), respectively. Consequently, Enz increased (P < 0.05) DE values by 0.09 MJ/kg DM, on average. The ME:DE and NE:ME ratios averaged 94.3 and 76.0%. The model developed for calculation of values for raw materials was highly specifi c and sensible as suggested by the relationship between measured and estimated diet DE content (R 2 = 0.99; residual standard deviation = 0.06 MJ/kg DM). Calculated raw material nutrient contents were close to measured values. The DE contents of raw materials without Enz supplementation were 16.29, 16.42, 14.89, 10.42, and 17 .17 MJ/kg DM for wheat, corn, barley, wheat bran, and soybean meal, respectively. The corresponding DE values in diets with Enz addition were 16.62, 16.48, 15.04, 10.25, and 17 .17 MJ/kg, respectively.
DISCUSSION
The relationship between diet digestibility and chemical composition was similar to previous results (Le Goff and Noblet, 2001) . Average values for GE digestibility, ME:DE, and NE:ME ratios were within ranges suggested by Noblet and van Milgen (2004) . The DE values of the 5 raw materials are similar to tabulated values (Sauvant et al., 2004) . As pigs do not produce endogenous Enz required to digest dietary fi ber, supplementation of non starch polysaccharides (NSP)-degrading Enz in high dietary fi ber diets may reduce its detrimental effect and increase digestibility of nutrients (i.e., CP, crude fat, and/or starch) resulting in higher energy digestibility (Bedford and Schulze, 1998 ). An effect of Enz on energy was observed in the present study, even though it was quantitatively low (0.09 MJ/ kg DM). Effects on nutrient digestibility were also observed, with Enz increasing total tract digestibility N. The partition of digestion between ileal and hindgut compartments due to Enz still has to be evaluated in pigs. In diets containing wheat bran, NSP-degrading Enz increase soluble saccharides in the stomach and small intestine and increase VFA in the ileum without increasing fermentation in the hindgut, indicating that Enz moves dietary fi ber digestion partially from the large to the small intestine (Van der Meulen et al., 2001) . The Enz may also increase the fraction of other nutrients (starch and/or proteins) digested before the end of the ileum. Such assumptions would be consistent with the marked effect of Enz addition on ADG of pigs in our trial, indicating a higher availability of AA and a possible change in partition of energy digested between ileal and hindgut compartments with subsequent changes in NE values due to Enz. Finally, results on energy use of raw materials indicate a better response for wheat than for other ingredients studied.
